The ability of rinderpest virus (RPV) to replicate in vitro in adherent peripheral blood monocytes and monocytederived macrophages under non-stimulation conditions was investigated. When flow cytometry analysis on bovine peripheral blood mononuclear cells (PBMC) was performed, monocytic cells were seen to be targets for infection by the cell culture-attenuated RBOK vaccine strain of RPV. Viral glycoprotein (H) and nucleoprotein (N) expression in adherent blood monocytes and monocyte-derived macrophages was compared with the infection in Vero cells, in which a productive infection typical of morbilliviruses is obtained. In both cell types, the infection was m.o.i.-dependent, but the rate of viral protein accumulation was slower in monocytes/ macrophages. Double-labelling experiments with monoclonal antibodies against RPV and the myeloid marker CD14 confirmed that the infected blood adherent cells were monocytes and macrophages. Productive infection of monocytes was confirmed by progeny virus titration. Permissiveness to infection was not dependent on macrophage differentiation: in vitro maturation ofmonocytes to macrophages before infection, did not increase the susceptibility of these cells to RPV infection. With the virulent Saudi RPV isolate, similar results were obtained, although the Saudi virus apparently had a higher rate of replication compared to the attenuated virus. These observations demonstrate clearly that bovine blood monocytes and monocyte-derived macrophages serve as hosts for a relatively slow but productive infection by rinderpest virus.
The ability of rinderpest virus (RPV) to replicate in vitro in adherent peripheral blood monocytes and monocytederived macrophages under non-stimulation conditions was investigated. When flow cytometry analysis on bovine peripheral blood mononuclear cells (PBMC) was performed, monocytic cells were seen to be targets for infection by the cell culture-attenuated RBOK vaccine strain of RPV. Viral glycoprotein (H) and nucleoprotein (N) expression in adherent blood monocytes and monocyte-derived macrophages was compared with the infection in Vero cells, in which a productive infection
Introduction
Rinderpest virus (RPV) is a member of the morbillivirus subgroup of the Family Paramyxoviridae and is closely related to measles virus (MV). Natural infection occurs in even-toed ungulates belonging to the Order Artiodaetyla, but is most prevalent in cattle and buffaloes (Scott, 1990) . It can cause in excess of 90% mortality and, throughout history, has been responsible for extremely heavy losses of livestock.
One important factor linked to pathogenicity of viral infections is cell tropism of the pathogen. In infected cattle, RPV multiplies in lymphoid tissues, causing severe depletion of lymphocytes and syncytium formation (Scott, 1990) . Rabbits infected with the lapinized strain of RPV undergo a marked suppression of antibody and cell-mediated immune responses (Yamanouchi et aL, 1974 a, b) . The live cell culture-attenuated vaccine variant of the Kabete 'O' strain of RPV (RPV-RBOK; Plowright & Ferris, 1962) can produce a subclinical infection, and has been reported to grow in lymphoid * Author for correspondence. Fax +41 31 848 9222. e-mail MCCULLOUGH@IVI.CH tissues in vivo (Plowright, 1964; Taylor & Plowright, 1965) .
The infectious character of the blood of animals infected with RPV has been associated with the leukocytes. In vitro, bovine leukocytes have been infected with virulent and lapinized strains of RPV (Tokuda et al., 1962; Pigoury et al., 1967) . Nevertheless, the leukocyte target for virus infection has not been defined precisely.
Previously it has been reported that mitogenstimulated bovine tymphoblasts and continuously growing lines of bovine lymphoblasts were susceptible to RPV infection (Rossiter & Wardley, 1985; Rossiter et al., 1988) . Bovine cell lines which have been transformed by the protozoan parasite Theileria parva and shown to have B cell, CD4 +, CD8 +, o~/fl T cell or 7/J T cell phenotypes can also support the replication of the vaccine strain of RPV (Rossiter et al., 1993) .
The above-mentioned culture systems were reliant on continuous exposure of the leukocytes to mitogens or transformation by parasitic agents. Such host-pathogen interactions cannot be easily interpreted in terms of the leukocyte target for RPV infection under normal conditions and it is also unclear how they relate to RPV infection of cattle.
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Recent evidence (Esolen et aL, 1993) has shown that monocytes are the primary leukocytes infected during natural MV infection, and that this cellular tropism has implications for understanding the immunosuppression associated with the disease. Consequently, we have studied the in vitro infection of bovine peripheral blood monocytes and monocyte-derived macrophages, under non-stimulation conditions, by the RBOK strain of RPV. Comparison was made between the kinetics of RPV infection in monocytes and macrophages and Vero cells, a cell line known to be permissive for efficient productive infection by RPV and most other morbilliviruses (Sheshberadaran et al., 1986) .
Methods
Monoclonal antibodies. The following monoclonal antibodies (MAbs) were used: IVB2-4 (IgG1 ; Libeau & Lef~vre, 1990), c66 and c75 (IgG1 ; McCullough et aL, 1991) specific for the nucleoprotein (N) of the virus; C1 (IgG1 ; Anderson & Mackay, 1994 ) specific for the glycoprotein (H) of the virus; biG 14 (IgG2a; Biometec, Greifswald, Germany) specific for bovine and human CD14; DH59B (IgG1; VMRD, Pullman, USA), specific for myeloid cells of several species including bovine, human, porcine and equine (Davis et al., 1987) ; the isotype controls UPC-10 (IgG2a) and MOPC21 (IgGl) (both from Sigma). The biGl4 antibody and its corresponding isotype control were used as FITC conjugates.
Cells and virus.
African green monkey kidney (Vero) cells were obtained from the ATCC. Vero cells were grown in minimal essential medium (Gibco) supplemented with 10% (v/v) fetal calf serum (complete medium). These cells were used to propagate the RBOK cell culture-attenuated strain and Saudi isolate of RPV. The passage histories of these viruses were BK98/V4 for the RBOK virus, and BK3/MDBK1/V5 for the Saudi virus (BK stands for primary calf kidney cultures, MDBK for Madiu-Darby bovine kidney and V for Vero); both viruses were obtained from the Virus Diagnosis Department at Pirbright, UK.
Vero cells in suspension at a concentration of 1.6 x 10 ~ cells/ml were infected with RPV-RBOK at m.o.i.s of 5, 1 and 0"1 TCIDs0/cell or mock infected with medium. Virus was allowed to adsorb for 1 h at 37 °C. Subsequently, cells were washed, cultured in complete medium and harvested at 6 h, 1, 2, 3 and 4 days post-infection (p.i.) for analysis of H and N protein expression by flow cytometry.
Blood was obtained from two donor calves by jugular venipuncture into Alsever's solution. Peripheral blood mononuclear cells (PBMC) were separated from the buffy coat fraction by centrifugation at room temperature through Ficoll-Hypaque (Pharmacia) at 1000 g for 30 min. Cells were washed three times (250 g, 10 min) with PBS without Ca 2÷ and Mg 2+ (PBS-A). Culture was carried out in Teflon vials (PBMC) or plastic tissue culture flasks (monocytes and monocyte-derived macrophages) in a 37 °C CO 2 incubator, at a concentration of 2.5 x 106 cells/ml in phenol red-free Dulbecco's modified Eagle's medium (DMEM; Gibco) supplemented with 10% (v/v) non-mitogenic newborn calf serum, 1% (v/v) non-essential amino acids, 2mM-glutamine and 1 mM-sodium pyruvate (all from Gibco). PBMC cultures were used after 24 h incubation. Monocyte and macrophage cultures employed PBMC which had been incubated for 24 h or 7 days, respectively, at which time the non-adherent cells were removed by repeated washing with warm PBS-A. PBMC, monocyte and macrophage cultures were washed once with warm medium before infection with RPV-RBOK or RPV-Saudi at an m.o.i, of 1 or 0.1 TCIDs0/cell; control uninfected cells were mock infected using uninfected cell lysate prepared in the same manner as for the virus. The adsorption period was 2 h at 37 °C, after which the cells were washed and cultured in phenol red-free DMEM (supplemented as described above) for up to 14 days.
Flow cytometry. PBMC were harvested from the Teflon vials and adherent cells were removed from tissue culture flasks by incubation with 5 mM-EDTA in PBS-A for 15 min at 4 °C. Cells were washed in PBS-A containing 0.01% (w/v) sodium azide. For H protein detection, the cells were stained unfixed. N protein in infected Vero cells was detected after fixation with 4 % (w/v) paraformaldehyde for 15 min followed by permeabilization with 0"05 % (v/v) Triton X-100 detergent (Merck) for 5 min. Monocytes were permeabilized for N protein detection with lysolecithin (Sigma) according with the method of Labalette-Houache et al. (1991) . Briefly, 1 x 106 cells were washed at 4 °C with PBS-A, pelleted by centrifugation at 300 g for 8 min, then resuspended in 1 ml of cold lysophosphatidylcholine (lysolecithin; Sigma) at 5 gg/ml in 0.02 M-sodium acetate, adjusted to pH 4.5 with citric acid. The suspension was kept on ice for 2min before permeabilization was stopped by the addition of 0.3 ml cold 4 % (w/v) paraformaldehyde in PBS. After a further 5 rain incubation, cells were washed in PBS-A.
For single colour immunofluorescence labelling, 10 ~ cells were first incubated with one of the MAbs (C1, c66, c75, DH59B, IVB2-4 or MOPC21) for 30 rain on ice. After two washes with PBS-A/azide, FITC-labelled F(ab')2 rabbit anti-mouse immunoglobulins diluted 1/20 (Dako) were added for 30min on ice, followed by further washing. For double immunofluorescence labelling, cells were first reacted with C1 or MOPC21, followed by phycoerythrin-labelled F(ab')2 rabbit anti-mouse antibody, blocked with 50 gl of normal mouse IgG at 50 gg/ml (Sigma). MAb biG14-FITC or UPC-10-FITC was then added and after 30 min incubation on ice, cells were washed once with PBS-A/azide. Fluorescence staining was determined by flow cytometry using a FACScan Flow Cytometer (Beckton Dickinson) and the Lysis II software program. At least 5000 cells/sample were acquired, and dead cells labelled with propidium iodide were excluded from the analysis, except when double-labelling experiments were performed.
Virus infectivity assay. Cell and supernatant fractions from the infected and mock-infected cultures were harvested at different times p.i. and stored at -70 °C until titration. The amount of extracellular virus (ECV) and cell-associated virus (CAV) was determined by titration of serial 10-fold dilutions in duplicate on semi-confluent monolayers of Vero cells. The virus titre was calculated using the method of Reed & Muench (1938) . For ECV, the culture supernatant was collected and centrifuged at 4 °C for 10min at 1000g before storage. CAV was released from adherent cells by treatment with deionized water according to the method of Drastini et al. (1992) .
Briefly, the medium was replaced with 5 ml sterile distilled water and the culture flasks were stored at -70 °C. After thawing, the suspension was homogenized in a glass homogenizer and normal isotonicity restored with PBS (10 x ) before assaying for virus infectivity.
Results

RPV protein production in infected Vero cells
As an initial step in investigating the capacity of RPV to infect bovine leukocytes, it was necessary to characterize the parameters under investigation in an infection of Vero cells. RPV can efficiently infect and replicate in these cells in a fashion typical of other morbilliviruses such as measles and peste-des-petits-ruminants viruses. Flow cytometry analysis was used to detect the sequential production of H and N ( Fig. 1) proteins of RPV in Vero cells infected with RPV-RBOK at m.o.i, of 5, 1 and 0-1 TCID~0/cell. These results would form the basic characteristics of RPV infection for the studies employing leukocytes. Virus infection, demonstrable as a 'low' intensity of H protein expression, was already detected at 6 h p.i. with the m.o.i, of 5 TCIDScell ( Fig. 1 a) ; not until 1 day p.i. was the infection demonstrable with the other two m.o.i.s (Fig. l b) . Both the intensity of staining and percentage of cells expressing H protein increased with time in an m.o.i.-dependent manner (Fig. l a-d) . The pattern of H glycoprotein accumulation in infected cells was similar with the m.o.i, of 5 and 1 TCIDa0/cell, except during the first 24 h p.i. when the rate was slower with the m.o.i, of 1 TCIDs0/cell. At day 1 p.i., a bimodal distribution of 'low' and 'high' intensity staining was seen with these two m.o.i. ; by day 2 p.i., > 90 % of the cells were positive, with staining of'high' intensity only.
Viral N protein production in infected cells appeared to be slower than H glycoprotein production, in terms of both the number of positive cells and the intensity of staining ( Fig. 1 e-h) . Nevertheless, the overall pattern of N protein development, particularly the rate at which the protein accumulated in infected cells, was similar to that seen with the H glycoprotein. The results in Fig. 1 (e-h) used the MAb c66, but similar patterns of staining were found with MAbs c75 and IVB2-4, also specific for the N protein of RPV (data not shown).
None of the MAbs against RPV reacted with uninfected Vero ceils, nor did the irrelevant isotype control antibody MOPC21 react with RPV-infected Vero cells (data not shown).
Analysis of RPV glycoprotein expression upon attempted infection of bovine PBMC
Based on the results obtained with infected Vero cells, studies of bovine PBMC susceptibility to RPV infection concentrated on m.o.i, of 1 and 0.1 TCIDs0/cell. Initially, the experiments employed unseparated PBMC and analysis by immunofluorescence assay using the C1 anti-H glycoprotein MAb. Preliminary studies showed that only a small proportion of the PBMC (probably ~< 10 %) were positive for the H glycoprotein following attempted infection with the RBOK strain of RPV (data not shown). More recent analyses by flow cytometry have confirmed this observation. Based on the morphology, in the immunofluorescence assay, as well as the forward and side scatter characteristics obtained by flow cytometry, of the positively stained cells at 9 days p.i., the dominant cell type being infected appeared to be the monocyte and/or macrophage (Fig. 2) . Similar results were obtained when observations were made as early as 3 days p.i. With flow cytometry, placing region gates around the monocytic cells (R1) and the lymphocytic cells (R2), based on what is typical for their scatter characteristics in such analyses, it was observed that 73% of the monocytic cells were infected (Fig. 2c ), compared with < 5 % of the lymphocytic cells (Fig. 2d) . In order to investigate this possibility in further detail, experimentation continued with the plastic-adherent population of cells from PBMC; these are known to be dominated by monocytes and, particularly after some days in culture, by monocyte-derived macrophages.
Analysis of RPV glycoprotein and nucleocapsid expression in infected bovine monocytes
The production of H (Fig. 3) and N (Fig. 4) proteins as identified by MAbs C1 and c66 was analysed in adherent monocytes prepared from 24h cultured PBMC. H protein production in the monocytes (Fig. 3) was, like that in the Vero cells, m.o.i, dependent. In contrast to the infection of Veto cells, that in the monocytes was much slower, antigen-positive cells not being detectable until day 3 p.i., and then only with the m.o.i, of 1 TCIDs0/cell. The staining here was of 'low' intensity. By day 7 p.i., two populations of infected cells were seen -one of' low' intensity and one of'high' intensity staining. At 14 days p.i., the majority of cells infected at the m.o.i, of 1 TCIDs0/cell were located in a single population with 'high' intensity of staining.
Infection at the lower m.o.i, of 0.1 TCID~0/cell showed a slower production of detectable antigen. Once again, the bimodal pattern of' low' and' high' intensity staining was observed.
N protein expression in infected monocytes (Fig. 4 ) showed a similar pattern to that observed with the H protein. No positive cells were detected at day 1 p.i. and a bimodal distribution of 'dim'/'low' and 'high' intensities of staining was observed at 7 and 10 days p.i. As with Vero cells, the N protein detection in infected monocytes was less efficient than H protein detection, both in the number of positive cells detected and the intensity of staining.
Analysis of RPV glycoprotein expression in monocytederived macrophages
In vitro maturation of monocytes into macrophages has been associated with increased permissiveness to infection by several viruses (Gendelman et al., 1986; Maury, 1994) . It was possible therefore, that the slower rate of viral protein expression in monocytes after infection was dependent on the differentiation state of monocytes. Consequently, the expression of H glycoprotein in RPV-infected monocyte-derived macrophages was analysed. After PBMC isolation, adherent cells were allowed to differentiate for 7 days in culture before the non-adherent cells were removed; the adherent cells were infected with RPV-RBOK at a single m.o.i, of 1 TCID~0/cell. At the time of infection, microscopic examination showed that the adherent cells had a morphology typical of macrophages and not monocytes: increased size, development ofpseudopodia and a highly vacuolated cytoplasm (data not shown). Flow cytometry analysis of H protein expression at 1, 6 and 14 days p.i. on monocyte-derived macrophages is shown in Fig. 5 . These results represent the most efficient infection of RPV in macrophages observed over several experiments. There was no detectable expression of H glycoprotein at day 1 p.i. A positive population with 'low' fluorescence intensity comprising 44-7 % (_+ 16) of the cells was observed at 7 days p.i. The majority of adherent cells stained for this protein by day 14 p.i.
Infection of bovine monocytic cells by virulent RPV
From the above results, it was not clear whether the capacity of RPV to infect bovine monocytes and macrophages was a general phenomenon, or restricted to the cell culture-adapted RBOK strain. Consequently, infections using the virulent Saudi isolate, which had received a limited number of passages in vitro, were analysed. the Saudi (b) virus at an m.o.i, of 0.1 TCIDs0/cell, 7 days p.i. Clearly, the Saudi isolate could infect and replicate in these cells, and the majority were susceptible to that infection. The efficiency of infection and replication, as measured through the production of the H glycoprotein, was greater with the Saudi virus than in the infection involving the RBOK strain.
Phenotypic analysis of the infected monocytic cells
Initial identification of the adherent mononuclear cells used for infection with RPV was based upon their monocyte or macrophage morphology and scatter characteristics as determined by FACS analysis. It was subsequently shown that after 24 h in culture, 89 % of the adherent population reacted with the myeloid cellspecific MAb DH59B (data not shown). In order to characterize further the cells infected by RPV-RBOK, immunofluorescence staining and flow cytometric analysis for simultaneous detection of H protein and the myeloid marker CD14 was performed. CD14 is preferentially expressed on monocytes, macrophages and a subset of granulocytes in humans, mice and several other species (for a review see Ziegler-Heitbrock & Ulevitch, 1993) . After 7 days p.i., virtually all mock-infected (Fig.  7a, c) or RPV-RBOK-infected (Fig. 7b, d ) adherent cells reacted with anti-CD14 MAb. It was in this CD14- • ..¢....
• . :
• "" . . ;.:. . positive population that the expression of H glycoprotein following infection with RPV-RBOK at the m.o.i, of 1 TCIDs0/cell was found (Fig. 7 b, d) . Similar results were obtained for both infected monocyte and infected macrophage cultures.
Production of infectious virus in Vero cells and bovine monocytes
It was possible that the different rates for the production of viral proteins in Vero cells and monocytes was the result of an abortive or defective infection in the latter. Consequently, Vero cells and monocytes infected with RPV-RBOK at a single m.o.i, of 1 TCIDso/cell were compared in terms of the ability of the virus to establish a productive infection. Samples collected at intervals over a 4 day period for Vero cells and over a 14 day period for monocytes were analysed for ECV and CAV production as described in the Methods. The production of EC¥ and CAV in Vero cells (Fig. 8 a) was as expected from the work of Liess & Plowright (1963) on high cell culture passage RPV growing in HeLa cells. That is, > 90 % of progeny virus remained cell-associated; maximum titres for ECV and CAV were observed at 3 days p.i., declining by day 4 p.i. With the infection in monocytes (Fig. 8 b) the rate of progeny virus production was much slower than in Vero cells. The low levels of virus detected at the beginning of the experiment increased steadily during the duration of the experiment; peak virus titres were obtained in the CAV fraction at day 14 p.i.
Discussion
In certain viral infections, transient or prolonged dysfunction of the immune system is an important feature of pathogenesis (Trautwein, 1992) . There is extensive evidence of immunosuppression caused by morbilliviruses (Appel et al., 1982; McChesney & Oldstone, 1989) . It was measles virus (MV), a member of this morbillivirus group and closely related to RPV (Sheshberadaran et al., 1986) , which was the first reported virus to be associated with immunosuppression (Von Pirquet, 1908) . Nevertheless, the mechanism of suppression continues to be poorly understood. It has been widely assumed that measles virus suppresses the immune system by replicating in, and damaging B lymphocytes, T lymphocytes and monocytes (McChesney et al., 1987; Hyypifi et al., 1985; Salonen et al., 1988) . While these cells can all be infected in vitro by wild and vaccine strains of measles virus, monocytes but not lymphocytes are the main leukocyte targets during natural measles virus infection (Esolen et al., 1993) .
Rossiter and co-workers (Rossiter et al., 1988 (Rossiter et al., , 1993 ) demonstrated that mitogen-stimulated bovine lymphoblasts, and continuously growing bovine lymphoblastoid cell lines transformed by the protozoan parasite Theileria parva are susceptible to RPV infection. It is unclear how these reports relate to events in the natural infection or after vaccination, when mononuclear cells would not all be polyclonally activated or transformed by a parasite. Rossiter & Wardley (1985) did show, with unstimulated peripheral blood lymphocyte cultures, that < 5 % of the cells could be infected with the cell culture-adapted RPV, and between 5 and 10 % with a virulent RPV. Our initial observations also demonstrated that in unstimulated PBMC, only a small proportion of the cells could be infected. Both microscopic and subsequent flow cytometry studies have pointed to the infected cells being monocytes or macrophages; whilst < 5 % of cells within a lymphocytic cell gate were positive for infection, the majority of cells within a monocytic cell gate were infected. Rossiter & Wardley (1985) reported that RPV can infect udder macrophages, but it was not clear which leukocyte populations were present, nor the degree of activation/stimulation. The presence of macrophages can also influence the proliferation of lymphocytes (Outteridge & Lee, 1981) and it has been shown that multiplication of RPV in lymphocytes is dependent on cell growth (Rossiter et al., 1993) . Such infections cannot be related to the susceptibility of blood monocytes and monocyte-derived macrophages to infection with RPV.
Furthermore, monocytic cells isolated from different tissues will have different characteristics. In some tissues, the monocytes will have differentiated into fully mature macrophages. Monocytes and macrophages, regardless of their source, are heterogeneous populations of cells. They will have acquired particular phenotypic and functional characteristics which reflect the influence of the local environment of the tissue. Such variation can alter their susceptibility to viral infections (Auger & Ross, 1992) .
Consequently, the main objective of the present work was to identify clearly the relationship between RPV and non-stimulated, non-transformed bovine monocytic cells at different stages of differentiation. Of particular interest was the susceptibility of blood monocytes as these would be closely associated with the virus infection, especially during the viraemic phases. The characteristics of infection in monocytes were compared with those in Vero cells, known to be productive and typical of morbillivirus infection (Norrby et al., 1982; Sheshberadaran et al., 1986) .
In terms of being m.o.i, dependent, the overall pattern of infection was similar in monocytes and Vero cells. However, the appearance of viral proteins in the infected monocytes was much slower than in Vero cells. For example, using an m.o.i, of 1 TCIDs0/cell with the RBOK virus, it was not until 7-10 days p.i. with the monocytes, in contrast to 3 days p.i. with Vero cells, that > 90 % of the cells were seen to be expressing viral H glycoprotein. The rate of expression for the N protein was equally slow, but in fewer cells than with the H protein. It is known that N is the most abundant and easily identifiable protein induced in RPV-infected Vero cells when immunoprecipitation analysis on cell lysates is performed (Diallo et al., 1987) . A possible explanation for this discrepancy may be that the flow cytometry results reflected a reduced accessibility of antibodies and conjugates, even after permeabilization, to the intracellular environment where the N protein is located.
Doubleqabelling experiments demonstrated that target cells for RPV infection were CD14 positive. Because of the known characteristics of CD 14 expression (ZieglerHeitbrock & Ulevitch, 1993) these results confirmed that RPV had indeed infected monocytes and macrophages. This was a productive, not a defective replication of the virus. Nevertheless, infectious progeny virus production was slower than in Vero cells. Furthermore, towards the end of the infection (> 10 days with the infected monocyte cultures), a notable decrease in cell viability concomitant with a visible CPE was observed.
As the infection in the monocytes advanced, viral protein expression acquired a bimodal distribution. Infection in Vero cells at the same m.o.i, also showed bimodal distribution. Such results could be related to 'primary' and 'secondary' infections. The initial 'primary' infections would have advanced after a particular time to a stage of 'high' antigen expression. At this same time point, ' secondary' infections produced by progeny from the 'primary' infections would not have advanced as far, resulting in their relative antigen expression being seen as 'low'.
Positively infected monocytic cells could not be detected before 3 days p.i. Such a result would suggest that RPV, like sheep lentiviruses (Gendelman et al., 1986) and equine infectious anaemia virus (Maury, 1994) , requires the monocytes to differentiate into macrophages before efficient infection and replication can take place. This was not the case. The use of in vitro differentiation of bovine monocytes into macrophages did not increase their susceptibility to infection by RPV. In fact the kinetics of infection in macrophages may have been slower than in monocytes. Sullivan et al. (1975) also showed that in vitro, measles virus infection of human monocytes was not influenced by monocyte differentiation into macrophages.
Another explanation for the slow replication of RPV in monocytes might be related to the observation that monocytes are a heterogeneous population of cells (Dransfield et al., 1988) . RPV may infect initially only one or a few of the subpopulations of monocytic cells, particularly if the cells had to acquire viral receptors or transcriptional factors for efficient virus replication. Yet no increase in susceptibility to infection was observed by allowing the monocytes to differentiate into macrophages. Alternatively, there may only be a subpopulation of the virus which can infect the monocytic cells.
This work was initially performed with the cell cultureattenuated RBOK strain of RPV. Similar observations were obtained in experiments using the virulent Saudi isolate. This virulent virus could replicate more quickly than the attenuated RBOK virus in monocytes, but this was still slower than in Veto cells. Once more, the majority of monocytic cells could be infected by the Saudi virus.
In conclusion, both attenuated and non-attenuated RPV are capable of infecting cultures of bovine blood monocytes and monocyte-derived macrophages. The infection is productive and slowly progressing, unlike the rapid, productive infection seen in non-leukocyte cell lines. Initially, only a few cells (even at an m.o.i, of 1 TCIDs0/cell ) can be infected. Eventually, the majority of monocytic cells in a culture will express viral antigen. Consequently, RPV could persist for a period of time in such cells, during differentiation of the monocytes into macrophages. This would suggest that in vivo, both monocytes and macrophages might be an important site of RPV replication and a potential vehicle for virus dissemination.
